Ureide analyses of soybean (Glycine max L.) tissues were accomplished with a modified and simplified automated analysis used to determine allantoin concentration in rat urine. The length of the circuit and flow rates of the solutions were reduced, and NaOH was used for color development at room temperature. Keto-acids did not significantly interfere with the determinations of ureides except for glyoxylic acid in extracts of fresh soybean tissue. The interference caused by glyoxylic acid was avoided by adding phenylhydrazine HCI to the solution of NaOH used for alkaline hydrolysis of allantoin.
Allantoin and allantoic acid are the principal forms ofnitrogen (N) transported in several legumes (10) . The N contained in these ureides originates predominantly from N2 fixation (4) . The ureide concentrations in plant tissue have been suggested to indicate the rate of N2 fixation (6, 8) . Established techniques to measure N2 fixation are unsuitable for germplasm evaluation because of labor and destruction of the test plants (8) . Estimates ofN2 fixation made by the analysis ofureides have the advantages of being simple, inexpensive, rapid, and nondestructive to test plants (8) .
The analysis of ureides in soybean tissue by an automated method (8) further improves the efficiency and accuracy of the measurements. However, the reported automated procedure for the analysis of ureides in soybean samples requires that interfering N constituents be removed from plant extracts before measurements are made. The necessity of removing N constituents of plant extracts other than ureides in the samples before analysis decreases the efficiency when numerous determinations are to be made. Furthermore, the analysis of allantoin and allantoic acid in plant extracts has conventionally been accomplished with the specific, sensitive, and accurate Rimini-Schryver reaction (11) . An automated analysis for the measurement ofallantoin in rat urine has been described (9) (8) hypothesized that the RiminiSchryver reaction could not be used for the analysis of ureides in soybean tissue because of potential interference by glyoxylic acid. We describe a simplification of the automated allantoin analysis for use with soybean extracts and a modification of the method to eliminate potential interference by glyoxylic acid.
MATERIALS AND METHODS Plant Material. Seed of Glycine max cv 'Clark', Vigna radiata, Vigna unguiculata, Phaseolus lunatus, and Phaseolus vulgaris were surface sterilized with acidified 0.1% (w/v) HgCl2 (14) for 3 min and washed five times with sterile distilled H20. Surface sterile seed was sown in sterile vermiculite moistened with 1.0 L of a N-free nutrient solution (7) in 23-cm-diameter pots rinsed in 1% Clorox3 solution followed by three rinses with water. Each pot was inoculated with 10 ml of a culture of approximately I09 cells/ml ofRhizobium, which were grown in yeast-mannitol salts broth (12) for 7 d. The strains ofRhizobium (USDA24, USDA3 1, USDA 110, PRC1 13-2, USDA3258, 176A22, and Kim5) were obtained from the USDA Rhizobium Collection at Beltsville (5 Measurements. Ureide-N concentration was determined using the modified automated Rimini-Schryver procedure ( Fig. 1) 
RESULTS
The automated analysis for allantoin was modified by reducing the length of the circuit, ensuring glass to glass connections, reducing the flow rates of the solutions, the use of 4.0 M NaOH at room temperature for color development, and the use of 1 Solutions of glyoxylic, pyruvic, and 2-oxoglutaric acids were used to investigate the possibility that keto-acids interfere with the ureide analysis of soybean extracts using the Rimini-Schryver reaction. We observed that the method is significantly less sensitive for pyruvic acid and 2-oxoglutaric acid than for glyoxylic acid. Solutions of 10 mm pyruvic acid or 2-oxoglutaric acid when analyzed were equivalent to 0.27 or 0.1 1 mM allantoin, respectively. The concentrations of these two keto-acids in soybean extracts would have to be 1.7-or 4.4-fold the ureide concentration, respectively, to cause 5% error in the determinations. The sensitivity of the automated ureide analysis is similar for detecting glyoxylic acid, allantoin, and allantoic acid. The addition of phenylhydrazine HCI to the alkaline hydrolysis step reportedly removes interference caused by glyoxylic acid in the analysis of allantoin and allantoic acid (13) . The interference of glyoxylic acid added to solutions of allantoin or soybean extracts was eliminated by the use of 1.2 mm phenylhydrazine HCI in the 0.9 M NaOH required for alkaline hydrolysis of allantoin. The procedure indicated that interference by glyoxylic acid is negligible with extracts of dried soybean tissue, but caused ureide concentrations to be overestimated by a mean value of 14% (100 analyses) with extracts of fresh samples. Also, we observed that the cation exchange resin treatment of soybean extracts used by Patterson et al. (8) to remove N constituents before ureide analysis with their method did not remove glyoxylic acid added to samples although ninhydrin positive material was reduced by 86%. Samples of xylem sap and tissue extracts of soybean were used to study the recovery of allantoin or allantoic acid. Aliquots of allantoin or allantoic acid were added before diluting the samples with glycine buffer in preparation for analysis. The values obtained indicated an average of 99.1 % recovery, which is similar to the value considered to be satisfactory by Pentz (9) . The recovery study of allantoic acid-N from soybean xylem sap indicated that approximately 45% ofthe ureide-N concentration was in the form of allantoic acid, which is similar to the value obtained for tissue extracts with phosphate buffer.
Soybean plants were inoculated with R. japonicum (USDA24, USDA3 1, and USDA110), which vary in effectiveness for N2 fixation, to apply the automated ureide analysis when the concentration of allantoin and allantoic acid might be expected to be altered. Effectiveness of host-Rhizobium combinations were determined from the measurement of plant dry weight (12) after 77 d of growth in a greenhouse. Plant dry weights were 4.81 ± 0.17,3.76 ±0.12, 1.54 ±0.16,and 1.06±0.14fortheUSDA1O0, USDA3 1, USDA24, and control treatments, respectively. The ureide-N concentrations of plants were 170.6 ± 6.3, 143.9 + 2.2, 89.9 ± 9.7, and 108.2 ± 3.8 gg ureide-N/mg total N for the USDA110, USDA3 1, USDA24, and control treatments, respectively.
The automated analysis for ureide-N was also applied to determinations with leaves, stems, and roots of G. max x 
DISCUSSION
We describe a simplification of the automated allantoin analysis for use with soybean extracts and a modification of the method to eliminate potential interference by glyoxylic acid. The automated analysis for allantoin described by Pentz (9) was satisfactory for the determination of ureide-N in soybean extracts provided few samples were analyzed before washing the circuit with water. However, we experienced baseline drift and loss of sensitivity during the analysis of forty samples. The problem was due to the gradual accumulation of a light precipitate on the walls of the tubing, coils, and flowcell. Test tube investigations showed that the light precipitate may well have been caused by combining the solutions of phenylhydrazine HCI and potassium ferricyanide used in the analytical procedure to produce the chromophore. Borchers (1) reported that the 2,4-dinitrophenylhydrozone of glyoxylic acid is converted to a sensitive chromophore with NaOH. We observed that a solution of NaOH can also be used to convert the phenylhydrozone of glyoxylic acid to a chromophore. The automated ureide analysis was significantly improved when the chromophore was produced with 4.0 M NaOH. Furthermore, color formation with NaOH is at room temperature, which eliminates the requirement of the 10°C waterbath used by Pentz (9) .
Patterson et al. (8) hypothesized that the Rimini-Schryver reaction could not be used for the measurement of ureides in soybean tissue because keto-acids might interfere with the analysis. We observed that our modified procedure is relatively insensitive to detect pyruvic acid and 2-oxoglutaric acid when compared to glyoxylic acid. Therefore, it is likely that pyruvic acid and 2-oxoglutaric acid do not significantly affect the determination of ureides in soybean tissue. Vogels and van der Drift (13) added phenylhydrazine HCI to the solution of NaOH used for alkaline hydrolysis of allantoin to prevent detection of glyoxylic acid. Glyoxylic acid added to solutions of allantoin or soybean extracts was not detected in the modified automated ureide analysis when 1.2 mM phenylhydrazine HCI in 0.9 mM NaOH was used for the alkaline hydrolysis step. Studies comparing alkaline hydrolysis with or without phenylhydrazine HCI indicated that interference by glyoxylic acid is negligible with soybean extracts made from dried tissue. The absence ofglyoxylic acid in dry tissue may be explained by Tracy's (1 1) suggestion that this metabolite is not common in plants in significant quantities and that it is very labile. Our conclusions are also supported by Patterson et al. (8) who compared their modified Berthelot assay to the Rimini-Schryver reaction with plant extracts from dried soybean tissue. They reported close agreement between the two methods even though the cation exchange resin treatment does not remove glyoxylic acid from the extracts. Nevertheless, the presence of glyoxylic acid in plant extracts made with fresh soybean tissue causes ureide concentrations to be overestimated. The interference by glyoxylic acid is avoided by adding phenylhydrazine HCI to the solution of NaOH used for alkaline hydrolysis.
The automated procedure was used to determine ureide concentrations in soybean and four other legumes. Our results indicate that ureide-N concentration varies with the strain of Rhizobium used to inoculate plants and also according to which plant part is analyzed. The method we describe should provide a useful and rapid means for repeated analyses of soybean tissues for ureides.
